Abstract-Professional Issues in Software Engineering (PISE) has been taught as part of the computer systems undergraduate degree programme at the University of Limerick using a multiinstitutional collaborative pedagogy. PISE considers the ethical, legal and social consequences of the design, implementation and use of computer and information systems. Students from UL collaborated with students from other universities in USA, England and Malta, working together in geographically distributed virtual learning groups to consider ethical issues in software engineering. This paper reflects the longitudinal evaluation of teaching and assessment methods that have been developed over 20 years.
INTRODUCTION
We have taught Professional Issues in Software Engineering (PISE) as part of the computer systems undergraduate degree programme at UL using a multiinstitutional collaborative pedagogy. PISE considers the ethical, legal and social consequences of the design, implementation and use of computer and information systems. Students from UL collaborated with students from universities in USA, England and Malta, working together in geographically distributed virtual learning groups to consider ethical issues in software engineering.
II. MOTIVATION
There were a number of factors as to why we embarked on this approach to teaching and learning so as to broaden the learning software engineers get in our courses. These included:
• Professional bodies, notably ACM and Engineers Ireland, require some training in Ethics and Professional Issues. Engineers Ireland, for example requires all Chartered Engineers to learn and abide by their code of Ethics.
[1]. The Association of Computing Machinery (ACM) requires all members to abide by its code of ethics and professional conduct.
[2] and this code is included in the ACM standard curriculum.
• We believe that success in the real-world requires: knowledge of wider issues and the acquisition of soft skills such as debating issues and discussing alternatives solutions.
• Young undergraduates are generally ill-equipped to evaluate evidence, construct sound arguments or make ethical or professional judgments. In Ireland secondlevel students have no exposure to philosophy, rhetoric or even, in most cases, ethical debate.
• Working in geographically distributed teams is of increasing importance with the globalisation of software development and studies have highlighted the importance of being aware of the cultural and ethical norms of remote locations. [3] • Although the students lack formal ethical training they at least are likely to have industrial or commercial experience. The University of Limerick has a tradition of Co-operative Education, which places each student in a paid position doing practical work for approx 8 month. We believe it was a major advantage that students had this 'realworld' awareness before they took the PISE module.
III. INITIATIVES
• Over 20 years teaching PISE led to the development of a particular pedagogical feature, the use of multiinstitutional collaboration. Students worked online with contemporaries from other universities to discuss ethical issues and develop team working skills and the ability to produce reasoned outcomes to ethical discussions.
• The dialectic in ethical philosophy enabled software engineering students to develop cognitive and logical skills of problem-solving and critical reflection by debating and discussing realistic ethical dilemmas, including those provided by ACM and other professional bodies.
• Teaching strategies used in PISE included class discussions and debates on topical issues as they arise e.g. privacy protection, software piracy and professional liability.
These are discussed. in the following sections.
IV. GROUP-BASED PEDAGOGY
During the 1990's there was a dramatic increase in student cohorts in Ireland leading to an increase from about 20 to nearly 200 students taking the PISE course at UL. A groupbased pedagogy had been used since the course was initially set up [4] . This had been done for a number of reasons.
The dialectic in ethical philosophy involves a process whereby an ethical claim is made and then instances are explored to see if the initial claim stands up. If not then the claim needs revising. For example, the claim that all life is sacred is sometimes used to oppose abortion. But some antiabortion opponents have killed doctors who have carried out abortions. This latter instance is inconsistent with the initial claim and therefore the dialectic requires the initial claim to be re-visited and modified.
This process is more likely to be progressed in a dialogue than on one's own. Therefore the dialectic requires that a group-based approach be used.
Similarly, the creation of ethical solutions to dilemmas is something that comes out of the group. Ethics are the result of societies or communities agreeing what is right or wrong. It is not an individual perspective even though the individual moral perspective decides whether or not to abide by the group ethic.
And in determining what is an ethical perspective requires group negotiation and argument. This again points to the need for a group-based pedagogy when teaching and learning ethics.
Jonassen [5] has shown that collaboration can be beneficial for learning by enhancing critical thinking and problem-solving skills. Others [6] have also pointed out that collaborative learning can provide long-term effects, provided it also intellectually engages the learners and encourages personal and professional responsibility, features important to engineers. Dillenbourg [7] has pointed out that the necessity of having to share information meanings, concepts and conclusions is inevitable in the collaborative construction of knowledge. Furthermore, collaboration with other students has been shown to stimulate activity, make learning more realistic and to stimulate motivation. [8] .
Research [9] has also shown that moral dilemmas in computer ethics encourage group discussion that teamwork encourages social facilitation, better learning and higher cognitive skills [10, 11] and that groups can produce better solutions to moral and ethical problems than individuals [12] . Research in the area of pharmaceutical education [13] has also shown that peer discussions of moral dilemmas facilitate the development of moral reasoning.
However the large cohorts made this group-based approach more difficult to manage. This led to the investigation of the use of ICT to support the pedagogy. and the collaborative approach to learning, supported by instructional technology, was also argued to lead to deeper understanding and new knowledge creation [14, 15, 16] 
V. USING ICT TO SUPPORT GROUP-BASED LEARNING
Research on critical dialogue between students identified the potential for two-way communication technologies [17] . This research suggested that these technologies can provide opportunities for interaction that can lead to reflection and deeper understanding. In other words, tools that can aid groupbased collaboration. Research has further identified the type of tools that might support our pedagogy when he concluded 'that computer conferencing should be given serious consideration … as a way of facilitating interaction and critical thinking' [18] .
The next stage, therefore, was the development of a teaching and assessment approach that allowed for the continued use of the group-based pedagogy, but that used ICT to support the increased cohorts we were faced with.
Finally, there are also practical advantages to using CMC:
• it is easier to measure individual contributions than in face-to-face situations because an audit trail is created
• it easier to deal with situations where some individuals gain more from the process than they input as individual contributions can be identified.
Educational research has also shown that there is a potential major problem with the use of group-based approaches when it comes to assessment. This is primarily due to the possibility of some individuals gaining more than they have input to the process, a term that has been called 'free-riding' [19] . Although research also suggests that groups need to be large to increase the advantages to members, this often increases the occurrence of free-riding due to the difficulty of monitoring large numbers of students [20] .
There was also the important question of which ICT to use. As a result of research into CSCW a number of web-based collaborative systems had become available in the education field. Bentley et al [21] have identified a number of advantages of these tools:
• they were platform independent
• access was geographically independent
• web browsers were now commonly available on most computers
• there were generally high levels of literacy when it comes to using this type of tool
• many of these tools allowed both synchronous and asynchronous collaboration There were two broad approaches to computer conferencing, as identified by Bentley et al in the final point above. These were the synchronous and asynchronous approaches. Synchronous tools were based on immediate responses, whereas asynchronous tools incorporated a delay between the initial posting and the response.
There was also a growing body of research that indicated that asynchronous discussion reflects high level cognitive processing [22] .
It has also been shown [8] that asynchronous tools compared to synchronous tools could provide learners in online group discussions with more options to think and reflect on information and to organise and keep track of discussions. Learners could also use the time delay to research and find information to support their discussions and then use this information to respond to earlier arguments. This was less likely to happen in synchronous discussions. In one study [23] it was reported that students mentioned specifically how they would take time to read other posts, think about a response, prepare a response and then check later to see other contributions to ongoing discussions.
It was also found [24] that collaborative learning in asynchronous discussion groups significantly contributed to the observation of a higher proportion of 'high phases of knowledge construction' than in face-to-face groups. Further research [25] also indicated that a collaborative approach to learning supported by instructional technology led to deeper understanding and new knowledge creation.
VI. USING ICT TO SUPPORT TEACHING AND ASSESSMENT
The first use of ICT to support the group-based pedagogy involved the use of a learning management system (LMS), Blackboard [26] .
Blackboard enabled students to work in groups using discussion boards to engage in debate and discussion on ethical dilemmas. Students initially self-organised into groups, selected case studies for their ethical dilemma discussions, chose tutorial slots and other management tasks.
Following one semester using Blackboard a number of immediate advantages became obvious.
The communication that took place was at a very high level and it was relatively easy for the lecturer to 'see' what was going on without having to have a physical presence with each group as they discussed and debated their chosen topic. An analysis of the types of use showed that learners used the discussion board function for intra-group communication to:
• communicate among group members including:
• deciding on the case study to adopt
• allocating tasks
• debating and discussing the case study
• production of a final report
• some social chit chat
• communication between group and lecturer
• distribution of files Different groups produced more or less of the different types of intra-group communications, some making more effort to produce some debate while others did not really successfully manage the threaded discussions Despite the success of this initial use of the LMS, a major criticism of the approach was voiced by students in feedback sessions. This was the appropriateness of using Blackboard for asynchronous discussions when learners regularly met with each other in face-to-face situations. In essence it was a contrived learning situation. However, we were aware of the increase in the use of geographically distributed groups in multi-national organizations in the area of computer supported collaborative work and some of our colleagues at UL were involved in research in this area.. We therefore decided to investigate if this could also work in teaching and learning in PISE VII. MULTI-INSTITUTIONAL APPROACH Our first task was to identify suitable partners for a multiinstitutional approach to this pedagogy. After consideration we identified the following requirements for collaborators:
• the need to have broadly similar course content
• use (or at least agreement to use) similar pedagogic methods, i.e. group-based pedagogy with problembased learning and assessment
• students of approximately the same level of study, in this case undergraduate,
• courses needed to be running in the same semester as at UL
• courses should be of similar length and have similar weighting or credits in respect of the total degree
• a good grasp of English as this would be required to discuss ethical issues
We now needed to find partners and to do this we used the following methods:
• search for course similar to PISE using online tools
• analysis of course content found from above research protocol
• search of journals for articles on PISE related topics and examination of author affiliations to identify potential partners
• identification of online discussion lists used for PISE related teaching and research
• notification of my requirements to appropriate lists identified from above
• analysis of responses to our enquiries
Having 'advertised' our search for collaborative partners we received 14 replies which needed assessing for appropriateness.
This 'first cut' eliminated nine potential collaborators because of their unsuitability. The main reason was organisational as other institutions did not offer this module in the same semester as UL.
Of the remaining five three had to withdraw because they were unwilling or unable to make the required changes to their modules. These changes were mainly to do with the altered approach to assessment or the weighting being given for this particular assignment. Some of those who had expressed interest would not have been able to gain the required institutional permission. That left just two institutions, Sacred Heart University (SHU), USA and de Montfort University (DMU), England.
Both of these potential partners offered courses that:
• were the same length as PISE
• had students who were undergraduates studying computer science, the same as in UL
• had course content largely overlapped with PISE
• used similar assignments using scenario-based ethical dilemmas to generate discussion
• used a group-based pedagogy
• Furthermore there was an interest, or experience, in using LMS for teaching and learning. This, then, gave us the basis for a journey that has continued for the past number of years involving different partners but essentially building on the multi-institutional approach.
VIII. REFLECTIONS ON THE MULTI-INSTITUTIONAL APPROACH
Although there have been developments as we have learned how to deal with new situations presented in this approach, there are essential similarities in all the collaborations that have taken place since that first time with SHU and DMU.
In our work we use groups, of typically six members, are normally made up with two students from each from each institution. Other researchers [27, 28,] have proposed five components of group-based learning:
• group size of between two and six
• positive interdependence which can be stimulated through tasks, resource, goals, rewards, roles or the environment
• genuine tasks that require the involvement of all group members
• individual accountability which refers to the students responsibility for a specific aspect of the group process
• a shift from teacher-centred to student-centred pedagogy Sharan et al [29] have also suggested that it is necessary in many cases to use team-building exercises to develop effective group processing skills as many students would not have these. Social cohesion is an important facet in determining the success of groups and one technique we have used to encourage this is based on the idea of storytelling.
It has also been pointed out [30] the importance of storytelling in human society. She goes on to suggest that when a group shares in an individual's story, the individual experience can become the group's shared experience. This then further binds the group as an entity. This is often seen in face-to-face situations when humans are first meeting and establishing friendships. A shared experience can help to bond. Developing exercises requiring students to talk about their personal situations, to tell stories about themselves, was a technique we used to further help with group building and bonding.
Research from social dynamics, and in particular smallgroup theory (i.e. based on groups of between two and six members), has revealed other variables that effect group interaction and performance. For example, an ability to regulate is a skill that is necessary for effective learning to take place in online, geographically dispersed learning groups. Others [31] have identified that this skill is one that students do not necessarily have and therefore some structure may be needed to help learners in this respect. We have developed guidelines that provide such a structure to learners and this has demonstrably improved performance over the past number of cycles.
In general we have found the following overall advantages are still being achieved:
• class management is easier, i.e. posting of course material, self-organising of groups, selection of topics and case studies etc.
• communication between lecturer and students is more straightforward using announcements, and discussion board functions
• inter-group communication is facilitated using the discussion board tool
• learner support is enhanced by observation and participation by lecturers
• students enjoy the experience of 'meeting' others from other universities and sharing knowledge with each other However there were difficulties and problems namely:
• the need to ensure more similar weighting for assignments so that all students contribute more equally
• the asynchronous nature of the tool (often students were waiting before they could move on to the next task) caused delays with some groups in completing tasks
• lack of organization skills of students in using this kind of media for division of work (they often expected things to happen rather than specifically articulating them)
• lack of roles within the group (the groups that achieved the highest grades, took our suggestion to have group roles, those that did not had no leader or organizer and students just expected others to do the work) meant that some groups did not allocate tasks and duties
• the online nature of the pedagogy may have seemed less pressing because it was virtual and not 'real' (no tutors constantly monitoring progress as opposed to other course where there might be constant pressure from regular face-to-face-meetings)
• allowing virtual groups to self-organise (setting own deadlines and milestones) may have contributed to 'slippage' in completing tasks
There was also the need to continuously develop guidelines for students so that they could maximize their potential grades and thus see the benefit of this pedagogy. Part of these guidelines involved explaining to students the research underpinning the teaching and assessment methods we were using. We explained to our students that a multi-institutional approach using asynchronous communications helps develop knowledge because:
• this mode of learning allows time for reflection
• it rewards the 'process' and not just the 'product'
• it produces an audit trail of individual effort
• the audit trail enables individual contributions to be assessed
• multi-institutional collaboration supported by ICT facilitates geographically dispersed groups to work together, something that might otherwise not be possible
We have also identified some factors that we feel help in establishing multi-institutional collaboration. These included
• the collaborating student cohorts should have similar profile e.g. undergraduate, studying CS degree
• module content at the institutions should cover the same areas, e.g. computer ethics, ethical analysis
• potential partners must be willing to use an LMS
• partners must have compatible academic calendar with at least six weeks overlap in teaching semester
• all collaborating learners had a good and comparable level of English
IX. CONCLUSION
Over the past twenty years we have developed a multiinstitutional approach to teaching Professional issues in Software Engineering. Initially driven by pragmatic needs of large cohorts our journey has enabled us to develop a pedagogy that we feel teaches our students many skills that will prepare them for their future careers. As well as learning how to discuss and debate ethical issues they have also learned skills of teamwork in a virtual geographically dispersed environment.
As we have refined and enhanced our approach we have seen improvement in learning. This is evidenced by higher grades when students working in multi-institutional groups were compared to those working in single institution groups [32, 33] . We believe this is in part because learner are rewarded for what they do and not just for what they hand in. Individual effort is rewarded because the audit trail of their discussions is used to assess each group members input. Students are also learning the skills of working in geographically dispersed groups, skills that may well stand in their favour when working in a globalised software industry.
The software industry and society's expectations continue to evolve. We are convinced that the course and the pedagogy we have developed helps our graduates meet these new demands over their professional careers.
